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Evaluation of the complexity of open abdominal
aneurysm repair in the era of endovascular
stent grafting
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Lynne Shaffer, MS, and Geoffrey B. Blossom, MD, Columbus, Ohio
Objective: Endovascular repair has proven to be an effective treatment for many abdominal aortic aneurysms (AAA).
Aneurysms that require open repair have usually been disqualified from an endovascular approach as a result of a variety
of anatomic constraints, which may also make open repair more difficult. Our purpose was to review open AAA repair and
assess the complexity of the operative procedure and associated morbidity and mortality data in the era of endovascular
stent grafting.
Methods:We retrospectively reviewed the records of 606 patients undergoing elective open AAA repair at a single tertiary
care community hospital from January 1, 1996, to December 31, 2004. Patients with ruptured aneurysms and all
endovascular repairs were excluded. Patients were grouped into two categories. Group 1 included 301 patients who
underwent open repair before the initiation of an endovascular stent grafting program in November 1999. Group 2
included 305 patients who underwent open repair after the initiation of the stent graft program. Operative reports were
reviewed to determine the location of the proximal aortic cross clamp, management of the renal vein, associated iliac
aneurysmal or occlusive disease, and type of surgical reconstruction. Morbidity, mortality, and disposition data were
compared for the two groups and subjected to 2 analysis.
Results: Suprarenal aortic cross-clamp placement was required in 6% of group 1 patients and 20% of group 2 patients (P
< .05). Division of the renal vein was necessary in 11% of group 1 patients and 18% of group 2 patients (P < .05). Iliac
aneurysms were present in 25% of group 1 patients and 42% of group 2 patients (P < .05). The incidence of associated
iliac occlusive disease was 12% in group 1 and 20% in group 2 (P< .05). The type of reconstruction required (aortoaorto,
aortoiliac, aortofemoral) was not found to be statistically significant. All major sources of morbidity, including renal
insufficiency, myocardial infarction, stroke, and intubation times, were similar between the two groups. The length of
stay was 9.2 days in both groups, and 11.3% of group 1 patients and 26% of group 2 patients were discharged to an
extended-care facility rather than directly home. The overall mortality rate was 2.0% for patients in group 1 and 3.8% for
group 2 patients. This was not a statistically significant difference.
Conclusions: Surgeons performing open repair of AAA in the era of endovascular stent grafting are operating on patients
who require more complex repairs, including a greater frequency of suprarenal cross clamping, renal vein division, and
management of associated iliac aneurysmal and occlusive disease. Despite this, morbidity and mortality rates are similar
to those in patients operated on before the initiation of an endovascular stent grafting program. (J Vasc Surg 2006;43:
915-20.)Endovascular repair of abdominal aortic aneurysms
(AAAs) has been proven to reduce operative morbidity and
mortality when compared with open repair.1-6 Despite this,
endovascular stent grafting is not universally applicable to
all patients because of a variety of anatomic constraints.
Aneurysm necks larger than 30 mm in diameter and less
than 15 mm in length provide less than optimal proximal
fixation.3-5 Aneurysm neck angulation greater than 60° and
the presence of accessory renal arteries also make proximal
fixation challenging. Aneurysmal iliac disease can create
problems with distal fixation and pelvic ischemia, and iliac
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These anatomic constraints often disqualify patients from
consideration of endovascular stent grafting as a treatment
option.7 These same anatomic constraints also increase the
complexity of open abdominal aneurysm repair.
On the basis of this assumption, we undertook a retro-
spective review of all open aneurysm repairs at a single
institution both before and after the development of an
endovascular stent grafting program. We postulated that
the less complex aneurysms were being repaired by using
endovascular techniques, leaving the more complex anat-
omy for open repair. This may have implications in terms of
patient outcome as well as resident and fellow operative
experience. Operative reports were reviewed with attention
to the aforementioned anatomy, and the groups were com-
pared with respect to outcomes.
METHODS
The study was reviewed and approved by the investiga-
tional review board of Riverside Methodist Hospital.
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cular stent grafting program for the treatment of AAA at
our institution became active in January 2000. We divided
our study population into two groups. Group 1 consisted
of 301 patients who underwent open repair of their aneu-
rysms before the development of the stent grafting pro-
gram. Group 2 consisted of 305 patients who underwent
repair after the program’s development.
Data collection. We retrospectively reviewed the op-
erative reports of all elective open infrarenal and juxtarenal
AAA repairs performed between January 1, 1996, and
January 1, 2005. These repairs were performed by a total of
10 different experienced surgeons during the study period.
Emergent repairs of ruptured aneurysms and all endovas-
cular repairs were excluded. Two surgeons collected data
from operative reports, with attention to the location of the
proximal aortic clamp, the need for left renal vein division,
the presence of iliac aneurysmal or occlusive disease, and
the type of reconstruction performed. The reason for dis-
qualification from an endovascular repair was also noted in
the group 2 patients, when available. The data were sub-
jected to 2 analysis, and significant P values were noted.
We then reviewed the inpatient charts during the respective
admission with regard to demographic data, morbidity,
mortality, length of stay, and disposition at discharge. In
group 1, 275 (91%) of the 301 patient charts contained
complete information and were available for review. In
group 2, 289 (95%) of the 305 patient charts were com-
plete and available for review. Mortality data were available
in 97% of group 1 patients and 98% of group 2 patients.
Demographics. Charts were reviewed, and demo-
graphic data including age; sex; smoking history; presence
of coronary artery disease; and history of cerebrovascular
accident, chronic obstructive pulmonary disease, diabetes,
hypertension, myocardial infarction, and renal insufficiency
were all noted. Between January 2000 and December
2004, 214 patients with abdominal aneurysms were treated
with endovascular stent grafts. Demographic data were
collected on these patients and compared with the data of
the open population in group 2.
Morbidity definitions. The following definitions of
major morbidity were used to define perioperative morbid-
ity in this study. Time to extubation was recorded in hours.
Stroke (cerebrovascular accident) was defined as a central
neurologic deficit lasting longer than 72 hours. Complica-
tions including wound dehiscence, acute limb ischemia,
and mesenteric ischemia were recorded if they required
operative intervention. Myocardial infarction required en-
zyme level elevation and electrocardiogram changes. Renal
insufficiency was defined as an increase in serum creatinine
from normal to greater than 2.0 mg/dL, a 50% increase
over an increased baseline value, or a new requirement for
dialysis. Estimated blood loss was recorded from the oper-
ative period. Length of stay was recorded in days. Disposi-
tion was recorded as discharge to home, discharge to an
extended-care facility, or discharge with home health.Mor-
tality was recorded if death occurred during the hospital
admission after AAA repair. Data to assess the 30-daymortality rates were not available, and this may be a limita-
tion of the study.
RESULTS
The demographics of the two patient groups are exhib-
ited in Table I. Average age and sex were similar in both
groups, with a predominance of men. The incidence of
current or former smoking was slightly higher in group 1. A
history of coronary artery disease, myocardial infarction,
and chronic obstructive pulmonary disease was also more
frequent in group 1 patients. The incidence of congestive
heart failure, cerebrovascular accident, diabetes, hyperten-
sion, peripheral vascular disease, and chronic renal insuffi-
ciency was similar between the two groups. The mean
preoperative creatinine level was 1.1 mg/dL in both group
1 and group 2, ranging from 0.4 to 9.0 mg/dL in group 1
and from 0.1 to 11.0 mg/dL in group 2.
The patients from group 2 who underwent open AAA
repair after the introduction of stent grafting were excluded
from an endovascular approach for a variety of reasons,
which are shown in Table II. Difficulties with the aneurysm
neck were the most common reason for exclusion. Juxtare-
nal aneurysms and those with short necks, large-diameter
necks, and angled necks were the reason for exclusion in
114 patients (37%). The presence of iliac aneurysms ex-
cluded 71 patients (23%). Thirty-six patients (12%) had
transient back, flank, or abdominal pain in association with
an aneurysm and, although computed tomographic scans
were negative for rupture, underwent repair shortly after
presentation, and endografts were not available. Iliac occlu-
sive disease was the sole reason for exclusion in 22 patients
(7.2%). Accessory renal arteries were present in 13 (4%)
excluded patients. Patient or surgeon preference was also
noted in 14 (4.6%), and in 34 patients (11%), no specific
reason for exclusion was noted.
The results obtained from review of all 606 operative
Table I. Patient demographics
Variable Group 1 Group 2 P value
Female 45 (16.4%) 51 (17.7%)
Male 230 (83.6%) 238 (82.4%) .685
Hx smoking 215 (78.2%) 193 (66.8%) .003
Hx CAD 202 (73.5%) 171 (59.5%) .003
Hx CHF 31 (4.3%) 30 (10.4%) .733
Hx COPD 134 (48.7%) 94 (32.5%) .001
Hx CVA 38 (13.8%) 31 (10.7%) .262
Hx HTN 206 (74.9%) 204 (70.6%) .250
Hx MI 117 (42.5%) 89 (30.8%) .004
Hx PVD 87 (31.6%) 64 (22.1%) .011
Renal insufficiency 25 (9.1%) 17 (5.9%) .147
Age, y (mean) 70 70.3 .575
Preoperative creatinine,
mean (range)
1.1 (0.4-9.0) 1.1 (0.1-11.0) .453
Hx, History; CAD, coronary artery disease; CHF, congestive heart failure;
COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular acci-
dent; HTN, hypertension; MI, myocardial infarction; PVD, peripheral vas-
cular disease.reports are reviewed in Tables III, IV, and V. Operative
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group 1 (before endovascular aneurysm repair), 94% of the
patients were treated with an infrarenal clamp, 6% were
treated with a suprarenal clamp, and 11% required division
of the renal vein. In group 2 (after endovascular aneurysm
repair), 80% were clamped in an infrarenal location, 20%
required suprarenal clamping, and renal vein division was
necessary in 18%. The more frequent requirement for su-
prarenal cross-clamp application and division of the renal
vein was statistically significant for group 2 patients (P 
.015). The presence of iliac arterial disease is shown in
Table IV. Iliac aneurysms were present in 25% of group 1
patients and 42% of group 2 patients (P  .001). Iliac
occlusive disease was evident in 12% of group 1 and 20% of
group 2 patients (P  .014). The type of surgical recon-
struction required is listed in Table V. The incidences of
aortofemoral, aortoiliac, and aortoaorto (tube graft) recon-
struction were similar between the two groups.
Comparative morbidity between the two patient
groups is shown in Table VI. Mean intubation times were
similar between the two groups. The incidence of cerebro-
vascular accident was also similar. The incidence of wound
dehiscence, mesenteric ischemia, and limb ischemia requir-
ing a return to surgery was similar in both groups. Postop-
erative myocardial infarction rates were similar at 5.1% in
group 1 and 4.2% in group 2, despite a higher incidence of
preoperative coronary disease in group 1. The incidence of
postoperative renal insufficiency was also similar in both
groups despite the significantly higher incidence of supra-
renal cross-clamp application and division of the renal vein
in group 2 patients. Estimated operative blood loss was
1760 mL in group 1 patients and 1900 mL in group 2
patients. Cell-saving devices were used routinely in both
groups. The mean length of stay was 9.2 days in both
groups 1 and 2, with a range for group 1 of 4 to 49 days and
for group 2 of 1 to 50 days. The median length of stay was
8.0 and 7.0 days, respectively.
Table VII demonstrates the disposition of the patients
by group. Patients in group 1 were more likely to be
Table II. Reason for disqualification from endovascular
grafting
Factor No. patients (group 2)
Neck anatomy
Juxtarenal aneurysm 48
Short neck 41
Large-diameter neck 13
Angled neck 12
Total 114
Iliac aneurysm 71
Symptomatic 36
Unknown 34
Iliac occlusive disease 22
Accessory renal artery 13
Surgeon preference 9
Patient preference 5discharged directly to home, whereas those in group 2more frequently required placement in an extended-care
facility. The mortality rate for group 1 patients was 2.0%,
and for group 2 it was 3.8%. The higher mortality rate for
group 2 patients was not statistically significant (P .206).
DISCUSSION
Elective open repair of AAAs was initiated in the early
1950s in an effort to reduce the mortality associated with
rupture of an aneurysm. Although morbidity and mor-
tality rates for open aneurysm repair have decreased over
the last 50 years, substantial complication rates and
mortality rates still exist.8,9 Most contemporary large
series of open abdominal aneurysm repair describe major
morbidity rates of 10% to 15% and mortality rates of 3%
to 6%.8,10-13 Abdominal aneurysm repair was performed
without significant technical change until the early
1990s, when Parodi et al14 reported an endovascular
approach to repair an abdominal aneurysm. The substan-
tial morbidity, mortality, and prolonged recovery time
associated with open aneurysm repair stimulated contin-
ued interest in the development of effective endovascular
therapy, and by late 1999, two commercially available
endovascular stent grafts were approved for use in the
United States. Since then, a large number of comparative
trials have shown decreased short-term morbidity and
mortality associated with endovascular repair.1-6 Most
patients with large abdominal aneurysms are now evalu-
ated for an endovascular approach to repair, and if they
are deemed appropriate, anatomic candidates usually
prefer the less invasive option.
Despite the decrease in short-term morbidity and
mortality associated with endovascular repair of AAA,
anatomic constraints diminish its universal use.1 A recent
large study of this issue reported the overall incidence of
endograft use at 66% of all patients screened.7 High-risk
surgical candidates were less likely to qualify for an
endovascular approach than the lower-risk patients.7
Difficult neck anatomy is a frequent anatomic exclusion
criteria in patients being evaluated for endovascular re-
pair. Aneurysm necks less than 15 mm in length, larger
than 30 mm in diameter, and angled greater than 60°
pose considerable difficulties with proximal attachment.
Iliac arterial disease is another common factor for dis-
qualification from an endovascular approach.7 Iliac an-
eurysms make distal fixation problematic, and pelvic
ischemia can complicate coverage of internal iliac arter-
ies. Iliac occlusive disease can lead to access complica-
tions and limit use of available devices.3,9 The anatomic
constraints that disqualify patients from an endovascular
approach also make open surgical repair a more techni-
cally demanding procedure. A review of current litera-
ture revealed a paucity of information concerning any
change in the complexity of open aneurysm repair.15 We
sought to answer several questions in proceeding with
this study. First, is the complexity of open aneurysm
repair different now than it was before the use of endo-
vascular grafts? If so, is there any difference in morbidity
and mortality rates in a contemporary series? Finally,
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of residents and fellows for the future?
Review of the 606 operative reports in this series
clearly reveals an increased complexity in the open sur-
gical repair of abdominal aneurysms in the era of endo-
vascular grafting. Most patients in group 2 who were
excluded from endovascular repair were excluded be-
cause of an issue with the aneurysm neck (Table I). The
combination of juxtarenal aneurysms and those with
short infrarenal necks and large-diameter or angled necks
accounted for most anatomic disqualifications. This was
reflected in the data regarding the operative manage-
ment of the aneurysm neck, for which suprarenal cross-
clamp location and division of the renal vein were statis-
tically more common in group 2 patients (Table III).
The effect of suprarenal cross-clamp placement in aortic
aneurysm surgery has been investigated previously. A
study by Breckwoldt et al16 comparing infrarenal with
suprarenal cross-clamp placement revealed a slight in-
crease in the mortality rate from 1.2% to 2.6% in the
suprarenal group. There was an increased incidence of
transient renal insufficiency but not long-term dysfunc-
tion.16 Overall morbidity, including rates of myocardial
infarction, blood loss, and pneumonia, was higher in the
suprarenal group,16 and this finding is supported by
other authors.12,13,17 There were 61 patients in this
study who required suprarenal clamping and 2 deaths,
resulting in a mortality rate of 3.3% in this subset. This
was similar to the overall mortality rate in the group 2
patients. The effect of left renal vein division on renal
Table III. Management of aneurysm neck
Variable Infrarenal clam
Group 1 (n  301) before EVAR 284 (94%)
Group 2 (n  305) after EVAR 244 (80%)
P value .001
EVAR, Endovascular aneurysm repair.
Table IV. Iliac arterial disease
Variable Aneurysm Occlusive disease
Group 1 75 (25%) 37 (12%)
Group 2 128 (42%) 61 (20%)
P value .001 .014
Table V. Type of surgical reconstruction
Variable Aortofemoral Aortoiliac Aortoaortic (tube)
Group 1
(n  301)
38 (13%) 100 (33%) 163 (54%)
Group 2
(n  305)
34 (12%) 112 (36%) 157 (52%)
P value .879 .889 .892function has also been investigated previously. Severalauthors have reported no significant long-term effects in
most patients provided that the vein is divided close to
the vena cava, thus preserving adrenal and gonadal col-
laterals.18,19 Other authors have reported an increase in
renal insufficiency with this maneuver.12,20 Despite a
significant increase in suprarenal cross-clamp placement
and left renal vein division in our group 2 patients, we
could not demonstrate an increase in renal complica-
tions. This also did not apparently affect other common
sources of morbidity, including rates of myocardial in-
farction, prolonged ventilatory support, ischemic bowel,
or an unplanned return to the intensive care unit. We
conclude that these maneuvers may be safely performed
when necessary.
The presence of iliac aneurysmal disease would seem to
make repair of an abdominal aneurysm more difficult.20,21
Management of iliac aneurysms in conjunction with infra-
renal repair would be expected to prolong operative times,
increase the likelihood of injury to a ureter or iliac vein, and
increase blood loss. The presence of occlusive disease
would likely result in more complex reconstructions and an
increased incidence of ischemic complications. There was a
significantly higher incidence of both iliac aneurysmal and
occlusive disease in our group 2 patients (Table IV); how-
ever, there was no significant difference in morbidity and
mortality. The one operative variable that was not statisti-
cally different was the type of reconstruction required in the
two groups. The increased incidence of iliac aneurysmal
and occlusive disease in group 2 would be expected to
result in higher rates of aortofemoral and aortoiliac recon-
structions in group 2, but the numbers were similar. One
possible explanation is that the large number of patients
excluded due to neck anatomy may have had a high inci-
dence of tube graft reconstruction and therefore balanced
the patients with iliac disease who would have required
aortofemoral reconstructions.
During the second half of the study period, 214 pa-
tients were treated with endovascular grafts in addition to
the 305 who underwent open repair. This represents 41%
of the total aneurysms treated. The mean age of these
patients was 2 years older than the open repair group, and
they had significantly higher rates of preoperative renal
insufficiency (11% vs 5.9%; P .08) and peripheral vascular
disease (40% vs 22%; P  .01). The incidence of chronic
obstructive pulmonary disease and hypertension was higher
in the stent graft group but did not reach statistical signif-
icance. Rates of coronary artery disease, heart failure,
Suprarenal clamp Division L renal vein
17 (6%) 33 (4%)
61 (20%) 55 (18%)
.005 .001pstroke, and myocardial infarction were all similar.
care u
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endograft use of 66% in a recent study. In this study, 41% of
patients were treated in an endovascular fashion. Higher
rates of endograft use may affect the outcomes of open
repair in several ways. In this study, endograft patients seem
to be a higher-risk cohort than the group 2 open repair
patients. Their elimination from the group 2 data may have
led to a favorable effect on morbidity and mortality rates in
this subset of open repair patients. Conversely, as the ratio
of endograft use increases, the percentage of patients who
require suprarenal clamp, renal vein division, and iliac re-
construction is likely to increase, thus potentially increasing
morbidity and mortality in the open repair population.
The increased complexity of aneurysm repair demon-
strated in this study may have implications for resident and
fellow education and training. These young surgeons are
faced with a declining incidence of straightforward open
aneurysm repairs and an increase in the complexity of
available cases. This maymake it harder for them to gain the
experience in simple open aneurysm repairs that is essential
before progression to more complex aneurysm surgery.22
Evaluation of the discharge disposition reveals more
frequent discharge directly to home for the group 1 pa-
tients (Table VII). More of the group 2 patients were
discharged to an extended-care facility. Although the
lengths of stay for both groups were similar, this may reflect
a more complex postoperative course or a trend toward
discharge earlier in the recovery process in the more con-
temporary group 2 patients.
Although there was a trend toward increased mortality
in the group 2 patients, this was not statistically significant.
Table VI. Comparative morbidity
Outcome Group 1 (n  275)
Intubation time, h (range) 25.5 (1.3-1040)
CVA 4 (1.5%)
Wound dehiscence 5 (1.8%)
Mesenteric ischemia 2 (0.7%)
Limb ischemia 8 (3.2%)
MI 14 (5.1%)
Renal insufficiency 13 (4.7%); SD, 1.
Return to ICU 7 (2.8%)
EBL, mL (range) 1761 (200-8200)
Length of stay, d (range) 9.2 (4-49)
CVA, Cerebrovascular accident; MI, myocardial infarction; ICU, intensive
Table VII. Disposition
Outcome Group 1 Group 2
D/C home 189 (68.7%) 149 (51.6%)
D/C ECF 30 (10.9%) 75 (26.0%)
D/C home health 31 (18.6%) 54 (18.7%)
Died 6 (2.0%) 11 (3.8%)*
D/C, Discharged; ECF, extended-care facility.
*P  .206.Both the 2.0% mortality rate in group 1 and the 3.8%mortality rate in group 2 are in the lower range of historical
open aneurysm repair mortality figures.10,12,13,23,24
CONCLUSIONS
This large retrospective review evaluated the complex-
ity of open operative repair of AAAs, both before and after
the initiation of an endovascular stent grafting program.
We have demonstrated that open repair of abdominal an-
eurysms is a more technically challenging procedure today
than it was before the advent of endovascular stent grafts.
Despite the increased complexity of open repair dem-
onstrated in this study, the rates of morbidity and mortality
between the two groups are similar and are not different
from those in historical controls. We believe that open
repair of abdominal aneurysms remains a safe and durable
alternative to endovascular repair, even in anatomically
challenging patients.
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Unidentified speaker. Nice presentation. A very relevant
topic. I think the third piece that would be really convincing would
be to look at the people that actually have the endo repair. Was the
risk profile and all the other factors that you analyzed similar to the
other two groups? Because I think that would make the case that
the easy cases were actually being handled by endovascular tech-
niques. I think that is the piece that would make the case.
The question is, the people that had higher incidence of, the
group 2, that had aortoiliac disease, do you have an explanation
why that group didn’t undergo aortofemoral bypass or aortoiliac
bypasses more often than the first group? Thanks.
Dr Costin. We found it particularly puzzling that we had a
higher number of patients with associated aneurysmal and iliac
occlusive disease, yet our numbers were similar between the two
groups in terms of the type of repair. One possible answer is that
the majority of patients were disqualified specifically because they
had only unfavorable neck anatomy requiring tube graft repair and
the other group were patients who had favorable necks but were
excluded specifically because of associated iliac aneurysm or occlu-
sive disease.
Unidentified speaker. I enjoyed your presentation. I wonderapproach in your difficult neck cases. Did you employ that, and did
you see any differences with a transperitoneal approach?
Dr Costin. We actually encountered only a few patients who
underwent repair with a retroperitoneal approach. Those patients
were not included in our analysis, as we felt that such comparisons
have already been reported in the literature and occurred too
infrequently in our cohorts to warrant any meaningful conclusions
to be drawn.
Unidentified speaker. I just have one question. Your group 1
and group 2 are at a time where the change went from recommen-
dation of aneurysm repair at 5 to 5.5 cm, and maybe I missed it in
your slide, but were the aneurysms in group 2 larger than those in
the group 1, and do you think that might make a difference in the
difficulty of repair?
Dr Costin. Although recommendations regarding aneurysm
size changed during the period our review took place, it seemed
our surgeons were frequently performing repairs on 5-cm aneu-
rysms throughout the study period. Although this study did not
specifically address your question, I would speculate that differ-
ences in the difficulty of aneurysm repairs when comparing a size
difference of 0.5 cm would be negligible.
